Intracellular deposition of aggregated and ubiquitinated proteins is a prominent cytopathological feature of most neurodegenerative disorders frequently correlated with neural cell death. To elucidate mechanisms in neural cell death and degeneration, we characterized the Drosophila ortholog of Sec61␣ (DSec61␣), a component of the translocon that is involved in both protein import and endoplasmic reticulum-associated degradation. Lossof-function experiments for DSec61␣ revealed that the translocon contributes to expanded polyglutamine-mediated neuronal toxicity, likely resulting from proteasome inhibition and leading to accumulation of ubiquitinated proteins. Taken together, proteasome inhibition by expanded polyglutamine tracts may lead to the accumulation of toxic undegraded proteins normally transported by the Sec61␣ translocon.
I
n a wide variety of neurodegenerative diseases, unfolded polypeptides accumulate in cells, largely as insoluble inclusions, and appear to play a critical role in disease pathogenesis such as amyotrophic lateral sclerosis, Alzheimer's disease, and Parkinson's disease, and several hereditary diseases caused by the expansion of polyglutamine tracts (e.g., Huntington's disease or the spinocerebeller ataxias). In all of these neurodegenerative diseases, the pathology and eventual death of specific neuronal populations occurs as a result of the accumulation of distinctly abnormal polypeptides (1) . Many observations suggest that these various types of inclusions arise through common mechanisms that elicit similar host responses. For example, they all contain components of the ubiquitin-proteasome degradative pathway as well as molecular chaperones, representing the two main systems that protect eukaryotic cells against the buildup of unfolded polypeptides (1) . In fact, the transient expression of an expanded polyglutamine tract causes nearly partial inhibition of the ubiquitin-proteasome system in cell culture system (2, 3) . Because of the central role of ubiquitin-dependent proteolysis in regulating fundamental cellular events such as cell division and apoptosis, many recent studies suggest a potential mechanism linking protein aggregation to cellular disregulation and cell death (2, 3) . However, the execution mechanisms underlying the neuronal cell death mediated by pathogenic inclusions and proteasome inhibition remain poorly understood, especially regarding the genetic evidence involving unfolded proteins in neurotoxicity in vivo.
We used a technique for genetic screening in Drosophila to identify gene products that can cause neural death or degeneration (4, 5) and revealed that one of these gene products, a homologue of Sec61␣ translocon, plays a critical role in neural cell death and degeneration (H.K. and M.M., unpublished data). Protein-conducting channels of eukaryotic endoplasmic reticulum (ER) are composed of three transmembrane subunits: Sec61␣, Sec61␤, and Sec61␥ (6-8), collectively termed a translocon. Translocons are known to be required for both protein import (for the translocation of membrane or secretory preproteins) and export [for ER-associated protein degradation (ERAD)] at the ER lumen (9) (10) (11) . Eukaryotic cells have complex degradation machinery enabling elimination of misfolded or unassembled secretory proteins from the ER. These proteins are retained in the ER͞pre-Golgi compartment until retrograde translocation (dislocation) from the ER to the cytoplasm delivers them to the ubiquitin-proteasome system in ERAD. This dislocation process is mediated by Sec61␣ together with Sec61␤ and Sec61␥. Many recent observations suggest that increased protein dislocation from the ER or inhibition of the ubiquitinproteasome system may lead to the accumulation of ER-derived misfolded proteins in the cytosol, thereby contributing to the pathogenesis of several severe human diseases (9) . Recently, Drosophila has been used to elucidate mechanisms of human neurodegenerative disease, including Alzheimer's, Parkinson's, and Huntington's diseases (12) (13) (14) . Therefore, we examined the function of Drosophila Sec61␣ in the induction of neuronal cell death and degeneration, particularly during expanded polyglutamine-mediated neurotoxicity. Sec61␣ was found to be necessary for polyglutamine-induced neurodegeneration, and loss of Sec61␣ function in Drosophila reduced amounts of ubiquitinated protein accumulation induced by expanded polyglutamine. Our results suggest that the Sec61␣ translocon mediates protein deposition from the ER to the cytoplasm and that toxicity results from the proteasome's inability to degrade these proteins in the presence of expanded polyglutamine proteins.
Experimental Procedures
Fly Stocks. All general fly stocks and GAL4 lines were obtained from Drosophila stock centers. Fly culture and crosses were performed at 25°C. The UAS-MJDtr-Q78 and GMRhuntingtin120Q flies were a gift from Nancy Bonini (University of Pennsylvania, Philadelphia) and Lary Zipursky (University of California, Los Angeles) (13, 14) .
Histology. Flies were prepared for semithin sections and toluidine blue staining as described (15) . All fluorescent labeling was examined with an Axioskop2plus f luorescence microscope (Zeiss) and LSM510 confocal microscope (Zeiss). For light microscopic images of the adult eye, flies were anesthetized and examined with a Nikon SMZ1000 microscope equipped with an AxioCam digital camera (Zeiss).
Plasmid Construction. A DSec61␣ fragment from an EST clone (LP02784) was inserted into pUAST and pBSSK to generate pUAST-DSec61␣ and pBSSK-DSec61␣. A fragment for FLAGtagged DSec61␣ amplified by PCR was inserted into pUAST (pUAST-FLAG-DSec61␣) and pCaspeR-hs (pCaspeR-hs-FLAGDSec61␣). The EGFP fragment from pCaspeR-hs-EGFP (15) was inserted into pBSSK (pBSSK-EGFP). The fragments of tNhtt-Q17-EGFP, tNhtt-Q60-EGFP, and tNhtt-Q150-EGFP (16) were inserted into pUAST (pUAST-htt17QEGFP, pUASThtt60QEGFP, and pUAST-htt150QEGFP, respectively) and pCaspeR-hs (pCaspeR-hs-htt17QEGFP, pCaspeR-hshtt60QEGFP, and pCaspeR-hs-htt150QEGFP, respectively). A driver plasmid that expresses GAL4 under the control of the actin5C promoter (pWAGAL4), pUAST-GFP, and pCaspeR-hslacZ has been described (17, 18) .
Cell Culture, Transfections, and Viability Assays. Drosophila S2 cells and neural cell line BG2-c6 (BG2 cells) (19) were cultured and transfected as described (18, 19) . For a cell death assay, these cells were cultured in 24-well plates (1 ϫ 10 5 cells per well) and transfected with various amounts of the indicated plasmids plus 2 ng of pWAGAL4, which expresses the GAL4 protein under the control of the actin5C promoter. In the RNA interference experiments, described amounts of double-stranded RNA (dsRNA) were transfected by the same procedure. At 24 h after transfection, cells were heat-shocked at 37°C for total 2 h, cultured at 27°C for 24 h, and then subjected to cell death assay as described (18) . For a viability assay in Drosophila embryos, plasmids that can be driven by heat-shock promoter (pCaspeR-hs constructs) were dissolved in injection buffer (5 mM KCl in 0.1 mM phosphate buffer, pH 8.0) at 50 or 100 ng͞l. Embryos were collected within 30 min after egg laying at 25°C, dechorionated, and attached to a coverslip with double-stick tape. Embryos were then covered in halocarbon oil and injected at precellularized stage. Injection location was in the posterior domain extending from 50% to 75% egg length. The DNA solution was injected by a syringe. The injection volume ranged from 50 to 150 pL as determined by measuring the diameter of droplets injected into halocarbon oil. At 12 h after injection, embryos were heatshocked at 37°C for 1 h and developed for 12 h, and hatched larvae were counted.
Immunoblotting. For detection of ubiquitinated proteins and FLAG-tagged or Myc-tagged proteins, S2 cells were cultured in six-well plates (5 ϫ 10 5 cells per well) and transfected with various amounts of the indicated plasmids. At 24 h after transfection, the cells were lysed in SDS sample buffer. Fly eyes were carefully dissected from anesthetized flies and lysed in SDS sample buffer to assay for ubiquitinated proteins. All samples were separated by 10% SDS͞PAGE and subjected to immunoblotting using an anti-ubiquitin mouse antibody (1:250, Stressgen Biotechnologies, Victoria, Canada), anti-myc mouse antibody (1:2,000, Invitrogen), anti-FLAG M2 antibody (1:1,000, Sigma), anti-␤-tubulin E7 (1:500, Developmental Studies Hybridoma Bank, Iowa City), and an anti-mouse IgG-horseradish peroxidase antibody (1:1,000, Promega). The signals were visualized with ECL plus (Amersham Pharmacia).
Proteasome Activity. Proteasome activity was assessed in lysates of S2 cells by using synthetic peptide substrates linked to a fluorometric reporter, aminomethylcoumarin (20) . S2 cells were cultured in 6-well plates (5 ϫ 10 5 cells per well) and transfected with various amounts of the indicated plasmids. At 24 h after transfection, cells were collected, washed in PBS, and lysed in buffer H (20 mM Tris͞20 mM NaCl͞1 mM EDTA͞5 mM ␤-mercaptoethanol, pH 7.6). Cell lysates were collected by centrifugation, and the supernatants were used for the determination of protein concentration and enzymatic activity by using Suc-LLVY-MCA (Peptide Institute, Osaka) as described (20) .
RNA Interference in Drosophila Cells. For the production of synthesized dsRNA, the indicated cDNA fragments flanking both the T7 and T3 promoter sequences were amplified by PCR from each pBSSK plasmid (as described above) with the specific primers. The amplified fragments were purified and served as templates for RNA synthesis using T7 or T3 RNA polymerase (Promega) by standard protocols. The RNAs were ethanolprecipitated, dissolved in water, quantified, and mixed for annealing in equal quantities by heating for 10 min at 68°C and cooling to 37°C for 30 min. The resulting dsRNAs were checked to verify their purity and size on agarose gels. For generating a head-to-head inverted repeat construct, a fragment (nucleotides 101-1000 of the ORF) fused with BglII and XbaI sites was inserted into the BglII͞XbaI site of pUAST. Next, another fragment (nucleotides 201-1000 of ORF) fused to BglII and EcoRI sites was inserted into the EcoRI͞BglII site of the same plasmid to generate pUAST-DSec61␣ dsRNA. In RNA interference experiments, each dsRNA material was transfected into BG2 or S2 cells by using CellFectin (GIBCO) as described above.
DSec61␣ Mutant Fly.
As the candidate mutant lines for the DSec61␣ gene, the P560(l(2)k04917) and EP(2)2567 P element strains were identified from the Berkeley Drosophila Genome Project. The P element insertion sites in these lethal lines were found to reside in the first intron of the DSec61␣ gene. The lethality reverted when the inserted P element of P560 was excised. P element revertants were generated by standard genetic techniques, and the association of the observed phenotype with the P element insertion was confirmed by excision of the P element: one excision line of P560, DSec61␣ P560ex25 , could not improve the expanded polyglutamine-induced eye degeneration (Fig. 5 , which is published as supporting information on the PNAS web site, www.pnas.org). The P560 and EP(2)2567 strains were putative hypomorphic alleles for DSec61␣, because RT-PCR analysis revealed that the amount of mRNA for DSec61␣ was significantly reduced in larvae transheterozygous for these strains (data not shown). Thus, we designated these strains DSec61␣ P560 and DSec61␣
EP(2)2567
.
Results

DSec61␣ Is Involved in Neural Cell Death Induced by Proteasome
Inhibition. To elucidate the mechanisms of neural cell death including neurodegeneration, we developed a screen for genes involved in the neuronal cell death associated with neurodegeneration, involving the overexpression of individual genes throughout much of the Drosophila genome. Briefly, to identify neuronal cell death-related genes, we used misexpression fly strains, GS lines, that would misexpress unknown genes driven by GAL4 protein. In our screen we used a rhodopsin 3-GAL4 (rh3-GAL4) line that expresses the GAL4 activator in a specific subset of postmitotic photoreceptor neurons in the adult, expecting that the rh3-GAL4 line combined with GS lines would allow us to identify potential cell death genes of a type that could induce neuronal cell death in a cell-autonomous fashion. As a result of the screen of Ϸ5,000 fly strains, we identified and characterized the endd2 gene, which encodes the Drosophila ortholog of Sec61␣ (DSec61␣) located in ER, as a component of the neural cell death and degeneration pathways (H.K. and M.M., unpublished data). To understand the mechanisms of this cell death, we examined the role of DSec61␣ in neural cell death induced by various kinds of stimuli including the proteasome inhibitor lactacystin. In Drosophila, RNA interference has been shown to be an effective method to knock down specific targeted gene products (21) (22) (23) and was used in our experiments for the knockdown of DSec61␣ protein expression (Fig. 1A) . Addition of lactacystin, a proteasome inhibitor, caused a severe reduction in cell viability that was partially alleviated through disruption of DSec61␣ ( Fig. 1 B and C) . This finding is in contrast to other drugs, including tunicamycin, an inhibitor of N-glycosylation that induces the rapid unfolded protein response (UPR), staurosporine, cycloheximide, and ecdysone, all of which caused cell death independently of DSec61␣ (Fig. 1B) . Thus, these data indicate that DSec61␣ contributes to neural cell death induced by disruption of proteasome function.
Expanded Polyglutamine Provokes Proteasome Inhibition. A number of studies have focused on the potential role of protein aggregation and disruption of the proteasome proteolytic pathway in polyglutamine-mediated neurodegeneration (2, 3). Because our results suggested involvement of DSec61␣ in a cell death signaling pathway evoked by proteasome inhibition, we analyzed a possible connection between expanded polyglutamine-mediated toxicity and the DSec61␣ translocon protein. The expression of truncated versions of the pathogenic human MJD͞SCA3 gene or the human Huntingtin gene in postmitotic neurons elicits lateonset progressive degeneration and the loss of photoreceptor neurons in a manner largely independent of caspase-dependent cell death pathways (13, 14) . We first examined the correlation between polyglutamine-induced neural degeneration and the ubiquitin-proteasome function. In agreement with previous finding (24) , reduced gene dosage of Pros26 (described below) clearly enhanced the neurodegeneration in flies expressing Machado-Joseph disease (MJD) protein or Huntingtin (Fig. 2  A-H) . Similarly, overexpression of expanded polyglutamine reduced proteasome activity in a tract length-dependent manner in S2 cells and treatment of S2 cells with the proteasome inhibitor, lactacystin, blocked proteasome activity, resulting in the accumulation of ubiquitin conjugates (Fig. 2 I and J) . Furthermore, the accumulation of ubiquitin conjugates from whole eyes and S2 cells expressing expanded polyglutamine exhibited a stronger high-molecular-weight smear of ubiquitin immunoreactivity ( Fig. 2 J and K) . The proteolytic machinery of regulated protein degradation is a large, multisubunit complex known as the 26S proteasome. This complex is made up of two components: a 20S core particle composed of four stacked heptameric rings and 19S regulatory complexes capping each end. Drosophila Pros26 1 is missense mutations in the 20S proteasome subunits, ␤6. In a mutant heterozygous for this 26S proteasome subunit gene (Pros26 1 ͞ϩ), the accumulation of ubiquitin conjugates from whole eyes expressing expanded polyglutamine was significantly enhanced (Fig. 2K) . These data indicate that the mechanism underlying the neural degeneration induced by expanded polyglutamine tracts involves inhibition of proteasome function, which can lead to the accumulation of undegraded, ubiquitin-conjugated proteins.
DSec61␣ Is Involved in Polyglutamine-Induced Neural Cell Death and
Degeneration. Like MJD͞SCA3 or Huntingtin overexpression, DSec61␣ overexpression induced cell death and degeneration partially through a caspase-independent pathway that is distinct from that used by other known Drosophila killer proteins, Reaper and Hid (data not shown). The finding that DSec61␣ function is partially involved in a caspase-independent signaling pathway also suggests a possible connection between endogenous DSec61␣ protein and polyglutamine toxicity in neural tissues. To further explore this connection in vivo, we crossed lines expressing truncated MJD protein with an expanded polyglutamine tract (78 repeats) or Huntingtin with hypomorphic DSec61␣ mutants (DSec61␣
P560
and DSec61␣
EP(2)2567
). WT flies expressing expanded polyglutamine protein exhibited severe, progressive eye deterioration (Fig. 3 A and B) , and extensive photoreceptor degeneration contributing to an unusual ommatidium morphology (Fig. 3 D and E) . Strikingly, a reduced gene dosage of DSec61␣ significantly suppressed these phenotypes, ameliorating the loss of pigment (Fig. 3 B and C) and photoreceptor degeneration (Fig. 3 E and F) . To confirm this suppression depended on the loss of function of DSec61␣ we generated a revertant and found it could not suppress the polyglutamine-mediated neurodegeneration (Fig. 5) . Next, we overexpressed the first exon of human Huntingtin, containing expanded polyglutamine region (17, 60 , and 150 repeats), fused to enhanced GFP (EGFP) (16) , in the Drosophila neural cell line BG2. The level of polyglutamine aggregation, as indicated by the EGFP fluorescence, depended on the length of the overexpressed polyglutamine repeats (Fig. 3G Top) with a corresponding change in cell viability 72 h after transfection (Fig. 3G  Bottom) . Again, DSec61␣ was shown to be indispensable in this toxicity; although knockdown of DSec61␣ through cotransfection of DSec61␣ dsRNA did not affect the rate of aggregation (Fig. 3G Middle) , neural cell death was significantly reduced (Fig. 3G Bottom) . Similar results were seen when expanded polyglutamine-EGFP fusion proteins were overexpressed in Drosophila embryos. Direct injection of cDNA containing 150 polyglutamine repeats, but not shorter repeats, clearly exhibited many aggregate-like structures in embryos (Fig. 3H) and resulted in severe lethality of WT embryos (Fig. 3I and Table 1 ). This finding is in contrast to DSec61␣ mutant embryos in which expression of expanded polyglutamine did not significantly exert toxic effects on embryos (Fig. 3I) . However, when DSec61␣ was coexpressed with polyglutamine in DSec61␣ mutant embryos, lethality was once again seen. This toxicity depended on coexpression of DSec61␣ and polyglutamine, as expression of DSec61␣ alone did not cause lethality (Table 1) . Thus, DSec61␣ is involved in expanded polyglutamine-induced neural cell death and degeneration.
Accumulation of Ubiquitinated Proteins by Expanded Polyglutamine Is
Mediated by DSec61␣. To gain insight into the mechanism by which the Sec61␣ translocon regulates polyglutamine-mediated neural degeneration, we focused on the function of DSec61␣. We hypothesized that for polyglutamine tracts to exert a toxic effect, DSec61␣ must be able to dislocate potentially toxic proteins to the cytoplasm where the inhibited proteasome would no longer be able to degrade them. Interestingly, when the expression level (Bottom) Plasmids (5 ng of each type) encoding the expanded polyglutamine tracts were cotransfected with 25 ng of synthesized dsRNA (EGFP or DSec61␣) in Drosophila BG2 neural cells with 2 ng of driver plasmid pWAGAL4, and cell viability was determined. (H and I) The aggregatelike structure was produced by expanded polyglutamine in Drosophila embryos, which affected viability of embryos. Three types of expanded polyglutamine tracts with the first exon of human Huntingtin fused to EGFP and 100 ng͞l pCaspeR-hs vectors were injected into Drosophila embryos (w 1118 and DSec61␣ EP(2)2567 ͞DSec61␣ P560 ). At 12 h after injection, embryos were heatshocked at 37°C for 1 h and developed at 25°C for 12 h. The fluorescence indicating GFP-positive cells was examined 18 h after injection (H). And then the number of hatched larvae was counted (I).
of DSec61␣ mRNA was down-regulated by treatment with dsRNA, the accumulation of ubiquitinated proteins induced by lactacystin in Drosophila cells was clearly reduced (compare Fig.  2 J, lanes 2-4 and 8-10 ). Similar results were observed when expanded polyglutamine was overexpressed in S2 cells (compare Fig. 2 J lanes 5-7 and 11-13 ). Furthermore, we observed a remarkable reduction of ubiquitinated proteins induced by expanded polyglutamine in the eyes of transheterozygous DSec61␣ mutants (compare Fig. 2K, lanes 2 and 4) . Correlated with this observations, we examined the expression of Drosophila BiP (dBiP) in cells and fly embryos. The UPR directly correlates with the acute up-regulation of the molecular chaperone BiP͞ GRP78, and inhibition of ERAD in yeast induces the UPR induction (see Supporting Text, which is published as supporting information on the PNAS web site). As a result, the reduction of DSec61␣ caused the rapid induction of dBiP (Fig. 6 , which is published as supporting information on the PNAS web site), indicative of rapid induction of the UPR, suggesting that loss of DSec61␣ may lead to a reduction of protein dislocation. Because severe reduction of DSec61␣ expression in DSec61␣ P560 ͞ DSec61␣ P560 fly or in cells transfected with higher amount of DSec61␣ dsRNA clearly induced more UPR but also cell death ( Fig. 6 and Fig. 7 , which is published as supporting information on the PNAS web site), the mild loss of Sec61␣ translocon may contribute to the improvement of polyglutamine-mediated neural degeneration. Therefore, the increase in ubiquitinated proteins in response to polyglutamine requires a functional DSec61␣ translocon.
Discussion
The present study provides some important insights into neural cell death and degeneration caused by protein aggregates and unfolded proteins. Many recent studies suggest that proteasome inhibition might be a common link between the different genetic triggers of neurodegenerative diseases, especially amyotrophic lateral sclerosis, Parkinson's disease, and polyglutamine disease (1). For example, one hypothesis for the etiology of Parkinson's disease is that subsets of neurons are vulnerable to a failure in proteasome-mediated protein turnover. Overexpression of mutant ␣-synuclein increases sensitivity to proteasome inhibitors by decreasing proteasome function, whereas overexpression of Parkin decreases sensitivity to proteasome inhibitors in a manner dependent on Parkin's ubiquitin-protein E3 ligase activity (25) . It is obvious that proteasome-inhibition induces accumulation of undegraded proteins that can trigger some kind of signal for cell death and degeneration; however, an important unanswered question remains: from where do these undegraded proteins come? The ubiquitin-proteasome system degrades proteins derived from all cellular components including the ER. Our present observations suggest that one source of undegraded protein might be the ER, thereby providing genetic evidence implicating the ER as an important source of undegraded, toxic proteins.
We characterized the Drosophila ortholog of Sec61␣ (DSec61␣), a component of the translocon that is involved in ERAD in neural cell death and degeneration pathways. Lossof-function experiments for DSec61␣ revealed that the translocon contributes to the expanded polyglutamine-mediated neuronal toxicity and accumulation of ubiquitinated proteins caused by inhibiting the proteasome. These observations provide a possible mechanism for polyglutamine toxicity: expanded polyglutamine inhibits the ubiquitin-proteasome function, thereby leading to an accumulation of unfolded proteins in the cytosol. Furthermore, these unfolded proteins are likely dislocated through the Sec61␣ translocon and other protein dislocation machinery (Fig. 4) . Supporting this idea, the AAA ATPase Cdc48͞p97͞VCP, which is also involved in the ERAD system mediated by Sec61␣ (26, 27) , has recently been identified as a positive regulator of polyglutamine-mediated toxicity in Drosophila; loss of Drosophila Cdc48͞p97͞VCP can improve the neurodegenerative phenotypes induced by expanded polyglutamine (28) . Moreover, reduction of DSec61␣ may not only inhibit the retrograde translocation of unfolded proteins from the ER, but also suppress the translocation of nascent secretory protein into the ER, leading to a decrease of undegraded proteins in the cytosol (Fig. 4) . Additionally, it might be possible that acute UPR induction that is caused by loss of DSec61␣ regulates the amount of ubiquitinated protein. Because UPR Precellularized embryos from WT (w 1118 ) or DSec61␣ mutant (DSec61␣ EP(2)2567 ͞DSec61␣ P560 ) flies were injected with 100 ng͞l hs-GFP or hs-htt150Q in addition to 50 ng͞l hs-lacZ or hs-DSec61␣ wt and allowed to develop at 25°C. At 12 h after injection, embryos were heat-shocked at 37°C for 1 h and developed at 29°C for 12 h, and the numbers of hatched larvae were counted.
Fig. 4.
A proposed model for Sec61␣ function in regulation of cell death. In normal cells (A), the translocation of secretory preproteins into ER is mediated by Sec61␣. Unfolded proteins produced in ER are dislocated by Sec61␣ into the cytosol, which leads to protein degradation by the ubiquitin-proteasome system, a process known as ERAD. In contrast, when expanded polyglutamine is expressed, the proteasome activities are reduced. This inhibition of proteasome activity causes accumulation of ubiquitinated proteins because of an impaired ERAD system and continuous supply of these cytoplasmic undegraded proteins may induce cell death (B). However, a reduction of Sec61␣ function causes a decrease of translocated unfolded proteins into cytosol, resulting in accumulation of such proteins in ER. These unfolded proteins might be decreased by the UPR system in ER (C).
induction is correlated with up-regulation of molecular chaperone proteins (e.g., BiP͞GRP78), this will lead to reduction of unfolded proteins in ER. Sequentially, the amount of unfolded proteins that should be dislocated into cytosol by ERAD system is decreased, resulting in significant reduction of ubiquitinated proteins that can contribute to polyglutamine-mediated toxicity. UPR may also reduce the expression of proteins in the cell and eventually reduce the level of ubiquitinated proteins. However, it is still less effective to improve the phenotypes of polyglutamine-expressing flies by loss of DSec61␣ function, suggesting that the accumulation of ubiquitinated protein, added to the nuclear functions of expanded polyglutamine such as transcriptional repression, may be a partial contributor to the degeneration, and not solely responsible for polyglutamine-mediated degeneration. Thus, such an entire translocation͞dislocation system of unfolded proteins through the ER might contribute to accumulation of undesirable proteins in cells when proteasome activity is inhibited in specific neurodegenerative disease conditions.
Many recent observations suggest that there could be specific kinds of toxic proteins in whole amounts of undegraded proteins. The Pael receptor, a substrate of the ubiquitin ligase Parkin, is proposed to be degraded by ERAD and exhibits neural toxicity when the ubiquitin-proteasome system is impaired; this cell death may be partially accompanied by cytosolic Pael receptor aggregates (29) . Because accumulation of mutant forms of ␣-synuclein or loss of Parkin E3 ligase activity causes inhibition of ubiquitin-proteasome system (25) , it might be possible that unfolded Pael receptor is dislocated by the Sec61␣ translocon from the ER in dopaminergic neurons in Parkinson's disease. Another example stems from changes in prion protein (PrP) folding that are associated with fatal neurodegenerative disorders such as bovine spongiform encephalopathy, scrapie, and Creutzfeldt-Jakob disease. However, the neurotoxic species is unknown. Like other proteins that traffic through the ER, misfolded PrP is retrograde transported to the cytosol for degradation by proteasomes. The transmembrane form of the prion protein ( Ctm PrP) is rapidly degraded by the ubiquitinproteasome system under normal conditions (30, 31) ; however, under certain circumstances, the specific isoform of PrP is dislocated from the ER, and accumulation of even small amounts of cytosolic PrP leads to neurotoxicity in cultured cells and transgenic mice (32, 33) . Similarly the dislocation of these neurotoxic PrPs might be carried through the Sec61␣ translocon. These lines of evidence show that the ERAD machinery must be tightly regulated to avoid cellular disorders, while maintaining efficient proteasome function, otherwise misfolded or unassembled potentially toxic secretory proteins may accumulate in the cytosol. Thus, considering the importance of the DSec61␣ translocon in these processes, specific regulators may prove to be valuable therapeutic tools for the treatment of several severe human neurodegenerative diseases.
